Understanding the tectonics that gave rise to the formation of Tibet is critical to our understanding of crustal deformation processes. The unusual geomorphology of the drainage basins of East Asia's major rivers has been proposed to be the result of either (1) distortion and attenuation of antecedent drainages as India indents into Asia, which can therefore be used as passive strain markers of horizontal shear, or (2) due to fragmentation by river captures and flow reversals of an originally continental-scale drainage, in which the major East Asian rivers once flowed into the palaeo-Red River. If the latter hypothesis is correct, then it has been proposed that dating the drainage fragmentation constrains the timing of uplift of Tibet.
Introduction
Fluvial systems react rapidly to tectonic events (e.g. Whipple and Tucker, 1999) and therefore palaeodrainage changes are often used to shed light on the tectonic evolution of an area (e.g. Davis et al., 2010; Castelltort et al., 2012) . This approach to determination of the tectonic history of a region is especially pertinent where other methods are less successful, for example, where metamorphic rocks which may permit documentation of a chronology of tectonic events, are scarce. SE Tibet provides such a region.
The Himalayan-Tibetan orogen is a type example of crustal deformation processes. Knowledge of the timing and mechanisms responsible for the uplift of SE Tibet is important to models which aim to explain the evolution of the region. Yet the evolution of SE Tibet is still poorly defined. Estimates for the timing of attainment of high elevation range from Paleocene-Eocene to Middle to Late Miocene based on stable isotope palaeo-elevation studies (e.g. Hoke et al., 2014; Li et al., 2015) , and low-temperature thermochronological records of river incisions (e.g. Clark et al., 2005; Yang et al., 2016 ).
An alternative approach to documenting the tectonics of the region involves the interpretation of the palaeodrainage evolution of the main rivers which flow from the SE margin of the plateau. Following from the early work of Brookfield (1998) , Hallet and Molnar (2001) proposed that the large river drainages in the region are antecedent, and their unusual geometries are the result of tectonic deformation by horizontal shear. By contrast, Clark et al. (2004) proposed that the drainage configuration is the result of various river captures and drainage reversals away from a previous continental-scale drainage, the timings of which could be used to constrain when surface uplift of Tibet, proposed to occur due to crustal flow, took place.
In order to test these hypotheses, it is necessary to determine whether such drainage reorganisation occurred. In this paper we (1) review the available evidence for the various proposed capture events relating to the upper Yangtze, Mekong, Salween, Red, Yarlung, Irrawaddy headwaters, and Brahmaputra Rivers; (2) add new data to the existing dataset regarding the proposed Yarlung-Irrawaddy-Red river system for which interpretations are currently particularly diverse, and integrate these data to produce a new palaeodrainage model which is consistent with all available material; (3) conclude by assessing the extent to which the river capture model can be used to document east Tibetan Plateau tectonics, with suggestions for how future investigations might consider the hypothesis further. Hallet and Molnar (2001) noted that the upper Salween, upper Mekong, and upper Yangtze have unusual drainage basin morphologies in terms of their width:length ratio, close proximity to each other and parallel spacing (Fig. 1A) . They proposed that this morphology is the result of extreme attenuation of these antecedent basins, due to their distortion by horizontal shear, subsequent to India-Asia collision. They thus can be used as passive markers of crustal strain (Fig. 2) .
Use of palaeodrainage studies to constrain the tectonics of the eastern Himalayan-Tibet region
By contrast, Clark et al. (2004) proposed that the unusual geometries of these drainage basins can be ascribed to various river captures. The SE margin of Tibet is a gently tilted high-elevation, low relief margin ( Fig. 1A and B) , commonly interpreted as a relict landscape uplifted by lower crustal flow (cf Yang et al., 2015; Cao et al., 2018) . Clark et al. (2004) reconstructed the region's palaeodrainage, such that the headwaters of the upper Yangtze, upper Mekong, upper Salween, and Yarlung Tsangpo were once all tributaries of the palaeo-Red River (Fig. 1B) . This reconstructed fluvial network was an integrated "Mississippi-type" continental-scale drainage system, which typically forms in low-relief settings, and that was subsequently fragmented by various drainage captures and flow reversals as uplift commenced ( Fig. 1C and  D) . Clark et al. (2004) therefore proposed that the timings of these river captures constrain the timing of eastern Tibetan uplift, and that the fluvial geomorphologies are a reflection of the surface uplift rather than horizontal shear in the region.
Further interest lies in the case of one of the proposed captures, that of the Yarlung Tsangpo, which Clark et al. (2004) proposed may have successively flowed into the palaeo-Red River, Irrawaddy, Lohit, and finally the Brahmaputra (Fig. 3) . It is this final capture of the Brahmaputra that, in the model of Zeitler et al. (2001) , may have caused the unusually rapid exhumation of the Eastern Himalayan syntaxis, by rapid incision weakening the crust resulting in a "tectonic aneurism", thus providing a type example of tectonic-erosion coupling.
The drainage model of Clark et al. (2004) is based largely on an assessment of geomorphic evidence. Yet does the wealth of provenance studies subsequently undertaken in the region support their hypothesis? Our review and assessment of this evidence forms the focus of this paper, bringing together various published work with previously unpublished material to form new palaeodrainage models where the data permit.
Documenting river captures within the eastern Asian large river basins from their sedimentary repositories
Much work to test the integrated drainage model of Clark et al. (2004) has focused on provenance analyses in the major rivers' sedimentary repositories, with the assumption that observed changes in provenance within a sedimentary succession reflect river captures, when headwaters flowing through rocks of a different geochemical or isotopic signature to rocks of the downstream reaches were removed from or added to the drainage basin. A caveat to this approach is that there must be distinct differences in the characteristics of the rocks that comprise the regions making up the drainage basins above and below the proposed point of capture, in order for any river capture to be detectable in the sedimentary record. Furthermore, if analyses from modern river sediments are being used to provide source region characterisation, potential changes between the modern and ancient river's signature should be taken into account. Additionally, changes in provenance may reflect upstream tectonism, unrelated to river captures.
Sedimentary records in the Red, Salween, Mekong, and Yangtze drainage basins and their offshore repositories
Today the Red River, Mekong, and Salween drain overall southeastward from the gently sloping high-elevation low-relief interpreted "relict landscape" of eastern Tibet, to the South China Sea and Andaman Sea, respectively (Fig. 1A) . The studies summarised below focus around the region of the continental-scale drainage model that suggests that the upper reaches of the Yangtze, Mekong, and Salween originally connected to the Red River at the "First Bend" (Fig. 1A and  B) . Early provenance work (Clift et al., 2004 (Clift et al., , 2006a Hoang et al., 2009; Yan et al., 2011 Yan et al., , 2012 predominantly used bulk rock Sm-Nd and (caption on next page) P. Zhang, et al. Earth-Science Reviews 192 (2019) detrital zircon U-Pb analyses to detect changes in provenance, alongside some use of Pb isotopes in K-feldspar. Later work saw a plethora of papers focussed on the use of detrital zircon U-Pb ages, as summarised by Wissink et al. (2016) .
The proposed upper Yangtze to palaeo-Red River connection
Provenance evidence from the offshore repository of the Song HongYinggehai Basin (SHYB, also known as the Gulf of Tonkin; Fig. 1A ), into which the Red River debouches, takes the form of detrital zircon U-Pb ages, K-feldspar Pb isotope data, and bulk rock Sm-Nd analyses.
Away from the influence of Hainan Island (e.g. Yan et al., 2011) , detrital zircon U-Pb age spectra from the western SHYB Miocene-Quaternary samples show, for the most part, good similarity to the modern Red River (e.g. Wang et al., 2014a Wang et al., , 2016 Wang et al., , 2019 Cao et al., 2015; Xie et al., 2016a) (Fig. 4 ). This led Wang et al. (2014a) to consider that if capture of the upper Yangtze away from the Red River ever occurred it must have taken place prior to the Miocene which is the oldest sample analysed. However, Fig. 4B shows that some western SHYB samples show greater similarity to the upper Yangtze. Furthermore, a mixture between an upper Yangtze signature and a lower Red River signature, which would provide a more realistic signal for an ancient connected upper Yangtze-Red River at its river mouth, will plot between these two end members, directly comparable to the majority of the western SHYB samples. Therefore, we do not consider the conclusion of Wang et al. (2014a) to be robust. Clift et al. (2004) carried out detrital K-feldspar Pb isotopes analyses and bulk rock Sm-Nd analyses from Eocene samples from the SHYB. They reported two K-feldspar grains from the Eocene sedimentary rocks with signatures that were unlike any known from the modern Red River drainage. Additionally, by comparing their εNd data from the Eocene samples with modern day εNd values from the Red River, they showed that Eocene values were less negative compared to the Red River today. From this information they interpreted that the palaeo-Red River was previously connected to a drainage basin which included a region with more juvenile younger crust, in the Eocene. However, later work from the Hanoi Basin (Fig. 1A) onshore Red River sediment repository contrasts with this work: Clift et al. (2008) and Zhang et al. (2017a) compared detrital K-feldspar Pb isotope data from Eocene-Miocene rocks of the Hanoi Basin with data from modern sediments from rivers that are proposed to have once drained into the palaeo-Red River. Based on the partial lack of overlap of signature between the modern upper Yangtze River and the palaeo-Red River sedimentary rocks (the region outlined by the dashed line ovals in Fig. 5 ), both studies concluded that there was no connection between the upper Yangtze, and the palaeo-Red River, from Eocene times onward. Furthermore, Clift et al. (2008) noted the occurrence of rare grains in an Eocene sample with signatures that would be consistent with Yangtze Craton bedrock over which the middle Yangtze flows. Whilst Clift et al. (2008) interpreted these data to suggest a connection between the palaeo-Red River and the middle Yangtze in the Eocene, those authors also note that grains of such signature are also found in the modern Red River, making the interpretation non-unique. Clift et al. (2006a) also analysed mudstones from the Hanoi Basin for Sm-Nd. Their work showed a shift to less negative εNd values between~25-35 Ma (Fig. 6 ) which they interpreted as due to loss of the contribution of the older cratonic middle Yangtze drainage to the Red River basin due to river capture and drainage reversal (Fig. 1) Clift et al. (2004) , we focus on the shift in εNd values observed by Clift et al. (2006a) between~25 and 35 Ma in the Hanoi Basin, which they interpret as the timing when the middle Yangtze reversed its flow away from the Red River. We note that there is a significant difference between the εNd values of coeval (Eocene) samples in the Hanoi Basin and SHYB, suggesting a non-identical provenance. This might be explained by the significant and spatially variable additional input to the SHYB (Wissink et al., 2016 ) from sources such as Hainan Island and the Vietnam coastal regions (Yan et al., 2011; Wang et al., 2014a Wang et al., , 2016 Wang et al., , 2019 Cao et al., 2015; Zhao et al., 2015; Jonell et al., 2017) , as discussed above and illustrated in Fig. 4B and Fig. SI of Supplementary material 1, making the sedimentary record of this offshore basin much more complex to interpret.
Considering further the onshore repositories, Hoang et al. (2009) considered that the zircon U-Pb with Hf data from the tentatively dated upper Miocene sandstones from the Red River catchment of the Hanoi Basin strongly resembled the signature from the modern Red River (Fig. 4C, panel III) . This would indicate that the river was largely in its modern form by the Late Miocene, assuming depositional ages are correct. However, comparison of the modern upper Yangtze field with the modern lower Red River field (Fig. 4C, panel I) shows a good degree of similarity, and it could be considered that the degree of overlap between the upper Miocene Hanoi Basin palaeo-Red River sedimentary rocks and the modern upper Yangtze field (Fig. 4C, panel II) , is similar to the degree of similarity between the Hanoi Basin upper Miocene sedimentary rocks and the modern Red River (Fig. 4C, panel III) .
Comparison of U-Pb ages alone, for which there are more data, is more instructive. The MDS plot (Fig. 4B) , which shows the upper Miocene Hanoi Basin palaeo-Red River data plotting closer to the modern Red River than to the upper Yangtze or any upper Yangtze-Red River composite, is consistent with the proposition of Hoang et al. (2009) .
Further upstream, Yan et al. (2012) analysed detrital zircons from the Jianchuan Basin that lies just downstream of the Yangtze's First Bend ( Fig. 1C and D) . This basin is considered to be the region through which the upper Yangtze would have flowed during the period of its proposed connection with the palaeo-Red River (Clark et al., 2004) . The Jianchuan Basin sedimentary rocks were previously considered to span from Paleocene to Pliocene, but recent work shows that the bulk of the rocks extend no younger than the Eocene (Gourbet et al., 2017) . Reassessment of previous interpretations is therefore provided below in light of these new age constraints. Clark et al. (2004) considered that the facies of the Eocene Baoxiangsi Formation represented a major fluvial environment, thus potentially an ancient connected upper Yangtze-Red River. The Baoxiangsi Formation is now constrained to > 35 Ma from U-Pb zircon dating of a cross-cutting dyke (Gourbet et al., 2017) . Yan et al. (2012) , noted a change in the zircon U-Pb detrital age spectrum between the lower Baoxiangsi Formation (sample JSJ15 on Fig. 7) , and the overlying units (JSJ18, JC13, JC18 of Fig. 7) , now dated at Middle Eocene (ca. 35 Ma, on the basis of interstratified tuffs or volcaniclastics; Gourbet et al., 2017) . Based on the similarity of the detrital zircons age spectrum of the Baoxiangsi Formation sample with that of the Songpan-Garze bedrock, Yan et al. (2012) interpreted Clark et al. (2004) with tectonic unit boundaries compiled from a number of sources, including Zhang et al. (1985) , Metcalfe (1996) , and Pan et al. (2012) . Box shows the location of Fig. 1C. (B) Proposed reconstructed drainage, from Clark et al. (2004) , with the upper reaches of the Yangtze, Salween, Mekong, Irrawaddy headwaters and Yarlung flowing into the palaeo-Red River, forming a continental-scale drainage network. (C-D) Detail of the proposed river capture and drainage reversal at the "First Bend" in the Yangtze. FB = First Bend; SHYB = Song Hong-Yinggehai Basin.
the Baoxiangsi Formation fluvial facies as derived from a major river draining the Songpan-Garze terrain to the NE (Fig. 1A) ; they did not however consider this river to be the upper Yangtze headwaters, since they considered that the Baoxiangsi Formation zircon age spectrum was a better match to the Songpan-Garze bedrock spectrum rather than to the upper Yangtze spectrum (Fig. 7A) . Up-section, they interpreted the shift in provenance (Fig. 7B ) as due to drainage reorganisation and influx of material from the Yangtze Craton. Additional data from Wissink et al. (2016) also recorded this provenance change (Fig. 7) .
However, in contrast to the interpretation of Yan et al. (2012) , Gourbet et al. (2017) noted the similarity in timing of this provenance shift with the 25-35 Ma change in εNd values in the Hanoi Basin, as described above, and therefore considered that the change in detrital zircon provenance by~35 Ma in the Jianchuan Basin might indeed relate to beheading of the upper Yangtze from the palaeo-Red drainage, with locally-derived material deposited in the basin thereafter. A visual comparison of the data illustrated in Fig. 7A agrees more with Yan et al. (2012) ; the lower Baoxiangsi Formation sample displays a greater similarity with Songpan-Garze bedrock rather than with the upper Yangtze both in terms of its pronounced 1900 Ma peak and lack of grains dated < 200 Ma. Fig. 7B is equivocal in this respect. Thus, a shift from a major axial river to locally-derived facies by 35 Ma is concurred, but whether this represents river capture of the upper Yangtze remains disputed.
Downstream from the Jianchuan Basin, some of the Paleoceneupper Eocene deposits of the Denghei Formation of the Simao Basin ( Fig. 1C and D) , provide a better match to the upper Yangtze (Fig. 7B) , particularly in terms of the lack of pronounced~1900 Ma peak and presence of grains < 200 Ma. Chen et al. (2017) made a composite spectrum from three samples from Denghei Formation of braided fluvial facies, and a second composite spectrum from three samples from the overlying upper Eocene -Oligocene Mengla Formation of alluvial fan and braided facies. Comparing these spectra with each other, and from Hallet and Molnar (2001) , fixed relative to India, showing that for a parcel of crust just north of the Eastern Himalayan syntaxis, the dominant strains will first be largely compressive, in a direction radial to the syntaxis and then display roughly northsouth right-lateral shear as it moves south of the syntaxis. Initial and final positions of the rivers are shown as solid and dotted lines, respectively. Ellipses represent the magnitude and direction of the crustal strains. (caption on next page) P. Zhang, et al. Earth-Science Reviews 192 (2019) spectra from approximately coeval samples from the Jianchuan Basin and potential source regions, they suggested that a palaeo-Yangtze river flowed through both basins until ca. 35 Ma, after which time deposits were locally derived. Fig. 7B , in which the samples that comprised the compiled spectra are represented separately, verifies the provenance shift, although with some variation as to the degree to which samples both above and below the provenance shift resemble the upper Yangtze.
In order for the sedimentary repositories in both the Jianchuan and Simao basins to be used to their full potential and interpreted with more clarity, attention should be paid to: (1) further work to construct a more detailed determination of the formations' depositional ages, particularly for the Simao Basin; (2) collection of more detrital zircon U-Pb data from different facies within the formations, to determine the extent to which an axial river may still be in evidence, even when transverse input is recorded from samples (e.g. compare Jian-11-06 with Jian-11-18 in Fig. 7B , panel II) and (3) consideration of the extent to which natural variation and/or local tectonics may affect a river's characteristic signature, and thus (a) whether relatively small shifts in signal, as for example seen in the Simao Basin, do indeed reflect the end of the proposed flow of the ancient upper Yangtze through this region and (b) whether the degree of dissimilarity between the upper Yangtze and Songpan-Garze signatures is sufficient to discriminate between them, once natural variation is taken into account.
The proposed connection of the Salween and Mekong with the palaeo-Red River
Whilst the Yangtze, with its contorted drainage pattern, makes the most convincing candidate for capture from the palaeo-Red River, nevertheless the upper Salween and upper Mekong Rivers are proposed to be part of the original Mississippi-style continental drainage feeding into the palaeo-Red River, in the model of Clark et al. (2004) (Fig. 1B  and C ). In this model, those authors speculate that the upper Salween may have once been a tributary of the upper Mekong, which joined the palaeo-Red River in the region of the Yangtze's First Bend (Fig. 1C) . The Salween and Mekong are therefore considered together below. Fig. 5A shows that whilst the Salween is indistinguishable from the modern Red River in terms of Pb isotopic composition of K-feldspar, the modern Mekong has K-feldspars with Pb isotope characteristics more radiogenic than found in the modern day upper Yangtze, Red or Salween Rivers (Bodet and Schärer, 2001; Clift et al., 2008; Zhang et al., 2017a) . The fact that such distinctive grains are not found in the Eocene-Miocene palaeo-Red River deposits of the Hanoi Basin (Fig. 5B) , could be taken to indicate that the upper Mekong was not connected to the Red River during the Eocene-Miocene (see also discussion in Clift et al., 2008) . Nevertheless, a strong reservation against this interpretation is that the location of the two modern Mekong samples used to characterise the river's headwater signature are downstream of the capture point ( Fig. SI ; Supplementary material 1) as proposed by Clark et al. (2004) , and thus the distinctive radiogenic feldspars could conceivably have come from bedrock over which the river flowed in this downstream region, rather than in the upstream Mekong headwaters. If that were the case, an ancient connection of the upper Mekong to the (caption on next page) P. Zhang, et al. Earth-Science Reviews 192 (2019) Red River would not be detectable by this method in the palaeo-Red sedimentary record. The concern that these radiogenic feldspars are locally-sourced by rocks downstream of the proposed capture point is heightened by the fact that (1) the sample locations are downstream of the point where the river flows from the Qiangtang Block of its headwaters, to the Indochina Block (Fig. 1A ) and thus this new terrain may be providing the source, and (2) of these two modern Mekong samples analysed, the more downstream sample is the only sample of the pair to contain these distinctive grains ( Fig. 5A ; compare "Mekong upstream" with "Mekong downstream" sample). Thus, there is a strong possibility that this signature is characteristic of the Indochina Block rather than the Qiangtang Block over which the Mekong headwaters flow.
Comparison of zircon U-Pb age spectra of the modern Mekong with the Miocene and modern Red River deposits, led Hoang et al. (2009) to suggest that the upper Mekong was not connected to the palaeo-Red River since the Miocene. This conclusion was based on their consideration that the 200-240 Ma zircon population in the Mekong samples is much less significant in the Red River deposits. However, the Mekong samples used by Hoang et al. (2009) were located considerably below the proposed capture point of the First Bend (samples MK1 and MK2 located in Fig. SI, Supplementary material 1) . Since that publication was written, a sample from the upper Mekong, more appropriate for such a comparison, has been analysed (Fig. 4) . A Mekong sample taken from just above the First Bend (LC-7, Chen et al., 2014) has a signature much more similar to the Miocene palaeo-Red River deposits ( Fig. 4A and B) . Therefore, in light of these new data, we consider Hoang et al.'s (2009) conclusion to be invalidated, and that more data are needed to better characterise the signal from the upstream Mekong before robust interpretations can be made. The same caveat applies to a comparison with the offshore palaeo-Red River deposits of the western SHYB; nevertheless, based on the available Mekong dataset, the majority of western SHYB samples plot closer to the modern Red River than the upper Mekong (Fig. 4B) .
Zircon ages combined with Hf values are also ambiguous (Fig. 4C) . Hoang et al. (2009) considered that the Miocene palaeo-Red River deposits lacked a match with the older components recorded in the Mekong (Fig. 4C , panel IV) and Salween (Fig. 4C , panel V) rivers, which could potentially be suggestive of a lack of Mekong/Salween-Red connection in the Miocene. We consider that the degree of proposed mismatch between the Miocene palaeo-Red River deposits and the Salween and Mekong, is similar to the degree of mismatch with the modern lower Red River, in terms of detrital zircon U-Pb versus Hf signature (Fig. 4C ) and therefore no robust conclusions based on provenance discrimination can be drawn.
Sm-Nd analyses of samples which span the Neogene from the southwestern South China Sea show a shift in εNd values towards values similar to the modern Mekong at 8 Ma . Whilst it may be tempting to interpret the change at this time as the result of river capture away from the Mekong's previous drainage into the palaeo-Red, Liu et al. (2017) interpret the change to result from the river's avulsion away from the Gulf of Thailand at that time, consistent with seismic data from the region. Such an interpretation is in agreement with low-temperature thermochronological data that indicate that the upper to lower Mekong (and probably also the Salween) was in its current position since at least Mid Miocene times (Nie et al., 2018) . Conversely, it is at variance with a provenance study that proposes the Mekong River propagated north-west since the Oligo-Miocene (Hennig et al., 2018) ; however, the study by Hennig et al. is based on a sediment record that, in view of the above-mentioned seismic evidence of only relatively recent avulsion of the Mekong to their study area, was likely not the palaeo-Mekong.
Summarising Sections 3.1.1 and 3.1.2, we concur with Wissink et al. (2016) , who compiled a large body of detrital U-Pb data for the region, and concluded that "Without a definitive smoking gun, which includes detrital samples of the SHYB [Gulf of Tonkin] containing zircon or other geochemical signatures that can only be derived from outside of the modern Red River catchment, and contemporaneous, large-fluvial deposits of the SE margin containing the corresponding detrital signature, it is difficult to support the notion of a Yangtze-Red River connection". We agree with this assessment, for both the upper Yangtze, and the Mekong and Salween, yet Wissink et al.'s work mainly summarised detrital zircon U-Pb spectra. We posit that there is currently an overreliance on provenance studies using detrital zircons to research the question. Other analytical techniques which may result in better discrimination between potential source areas might be more fruitful: The shift in εNd values recorded in the Hanoi Basin (Fig. 6 ), suggests drainage reorganisation involving the middle Yangtze may have begun in the latest Eocene-Oligocene. However, being a bulk rock technique, it suffers from dilution of signal downstream which can be difficult to deconvolve. A single grain technique such as Pb isotopes on feldspars, as recently demonstrated by Zhang et al., 2014b , Zhang et al., 2017a may hold more clues.
Sedimentary repositories in the Central Myanmar Basin, Bengal Basin, and Bengal Fan
Whilst the upper Yangtze, upper Mekong and upper Salween proposed palaeo-tributaries of the palaeo-Red River today drain south and east to the South China, East China, and the Andaman Sea, the Yarlung Tsangpo proposed palaeo-tributary to the palaeo-Red River today drains south to the Bay of Bengal. The modern Yarlung Tsangpo flows east along the India-Asia Yarlung suture zone in southern Tibet, then abruptly bends southward across the Eastern Himalayan syntaxis before eventually draining into the Bay of Bengal (Fig. 1 ). According to Clark et al. (2004) it may have initially successively drained into the palaeoRed River, palaeo-Irrawaddy drainage of the Central Myanmar Basin, and then finally into the Brahmaputra drainage, possibly routing first through the Lohit and then the Siang (Fig. 3) .
Evidence for the Yarlung Tsangpo draining into the palaeo-Red River
Clark et . Nevertheless, some of these western SHYB samples plot close to the modern upper Yangtze, and most of the SHYB samples could be well described by a mix of these two endmember sources (mixing line shown by blue double sided arrow) which would well represent an ancient connected upper Yangtze-Red river signature at its mouth. See Section 3.1.1 for further discussion. All SHYB sample data are plotted on part label B, but only two representative samples, representing eastern and western SHYB are shown on part label A. Comparison is also made between the onshore and offshore palaeo-Red River deposits and the Mekong and Salween. Attendant discussion is given in Section 3.1.2. In panels IV and V of part label C, data from the modern Mekong and Salween below the proposed capture point (FB, "First Bend" of Fig. 1 ) are included, for the sake of completeness only. Such grains may not be derived from the headwaters and therefore cannot be considered to be characteristic of headwater signature, with certainty. Data taken from Bao et al. (2015) , Bodet and Schärer (2000) , Cao et al. (2015) , Chen et al. (2014) , Chen (2015) , Clift et al. (2006b) , He et al. (2013) , Hoang et al. (2009 ), Lin et al. (2017 , Wang et al. (2014a Wang et al. ( , 2016 Wang et al. ( , 2019 , Wissink et al. (2016) , Xie et al. (2016a) , Yan et al. (2012) and Yang et al. (2012) . Part label B was plotted using IsoplotR (Vermeesch, 2018) .
that the Yarlung Tsangpo did not flow into the palaeo-Red River, at least not during the Eocene. However, the positive values used for comparison by Clift et al. (2004) are not representative of the values of the Yarlung River, which is also fed by more crustal detritus from the Indian plate to the south of the suture zone as well as the Lhasa Block, to the north (Fig. 1A) . εNd values from modern day sediment from the Yarlung Tsangpo are ca. -10 (Singh and France-Lanord, 2002) , in fact very similar to Eocene values from the SHYB. However, as discussed in Section 3.1.1, εNd values between Eocene sedimentary rocks of the SHYB and onshore Hanoi Basin (εNd ca. -17; Fig. 6 ) are quite different, and those from the Hanoi Basin are likely to more faithfully represent the palaeo-Red River signature. εNd values from the Eocene Hanoi Basin deposits are more negative compared to those from the modern Yarlung Tsangpo. This difference does not necessarily negate the argument for a palaeo-connection however, since one might expect that downstream contribution from tributaries would affect a bulk rock signal; the lower reaches of the Red River flow along the boundary of the Indochina terrain ( Fig. 1A) with εNd values which extend to ca. -20 (Clift et al., 2006a) . Therefore, we do not consider the comparison robustly negates or confirms a possible connection between the Yarlung Tsangpo and the palaeo-Red River in the Eocene.
Use of a single grain technique, where a characteristic upstream signature is easier to recognise in a diluted downstream repository, proves more instructive. Hoang et al. (2009) noted dissimilarity of signature between the upper Miocene palaeo-Red deposits of the Hanoi Basin and a modern Irrawaddy River sample collected from the river's middle reach, in terms of zircon U-Pb age versus εHf value. Taking the middle Irrawaddy River sample's signature as characteristic of the Irrawaddy headwaters, they therefore interpreted that the headwaters did not drain into the palaeo-Red River during this period. We built on this approach to include data now available from the Irrawaddy headwaters, which make a more appropriate comparison, and data P. Zhang, et al. Earth-Science Reviews 192 (2019) 601-630 from the source regions of the Yarlung Tsangpo. Fig. 8A shows that thẽ 50 Ma zircon U-Pb age peak typical of the Yarlung Tsangpo and Irrawaddy headwaters is not present in the upper Miocene palaeo-Red River deposits of the Hanoi Basin, indicating that a connection was not present at that time. Zircons aged~50 Ma are also uncommon in the Neogene sedimentary rocks of the western SHYB (Section 3.1.1; Fig. 4A ). Furthermore, whilst the depositional age of the PaleoceneEocene sedimentary rocks of the proposed palaeo-Red sedimentary rocks of the Jianchuan and Simao Basins (Section 3.1.1) precludes them containing~50 Ma zircons, these deposits also show a lack of grains dated back to 100 Ma, which is also typical of the Tsangpo and Irrawaddy headwaters (Fig. 8) . Thus, in all studied potential palaeo-Red repositories, there is no evidence of a palaeo-Yarlung or upper Irrawaddy headwater connection with the palaeo-Red River.
Evidence of the Yarlung Tsangpo draining into the palaeo-Irrawaddy River
The Irrawaddy today flows along the Central Myanmar Basin (CMB) (Fig. 9) . The CMB is a predominantly Cenozoic forearc-backarc basin, split by the Western Myanmar Arc (WMA) (Pivnik et al., 1998; Bertrand and Rangin, 2003) . The basin is divided into a series of sub-basins, of which the main ones are the forearc Chindwin sub-basin in the north, forearc Minbu sub-basin to its south, and the Shwebo backarc sub-basin to the east (Fig. 9) . The magmatic belt of the WMA is, today, largely buried beneath sedimentary rocks. Exposed are isolated volcanoes (e.g. Mt. Popa and Mt. Monywa), and the mid-Cretaceous-Eocene Wuntho batholith in the north (Barley et al., 2003; Gardiner et al., 2017) and the mid-Cretaceous Salingyi batholith in the south (Mitchell et al., 2012; Gardiner et al., 2017) .
The CMB is bounded to the west by the Indo-Burman Ranges (IBR). The IBR consists of a series of west-vergent thrust packages of Triassic-Neogene turbidites and shallow marine facies, with minor low-grade metamorphic rocks and ophiolites (Bender, 1983; Maurin and Rangin, 2009 ). It is interpreted as an accretionary prism, with Paleogene rocks predominantly derived from the Burmese margin to the east, and Neogene rocks considered to be off−scraped from the Bengal Fan (Curray et al., 1979; Allen et al., 2008; Naing et al., 2014) . Uplift of the IBR is a perquisite for formation of a through-going Irrawaddy River with the mountain range then acting as a barrier between the CMB and the Indian Ocean to the west. Timing of uplift of the IBR is poorly constrained (e.g. Maurin and Rangin, 2009; Zhang et al., 2017b) ; most workers believe that this event must have commenced no later than Miocene time (e.g. Licht et al., 2013 Licht et al., , 2014 , with recent work by Licht et al. (2018) proposing the age of initial emergence of the accretionary prism above sea level as late Middle Eocene.
The CMB's eastern side is constrained by the western margin of the Shan-Thai plateau, considered a~Mesozoic palaeo-Andean continental arc margin. At its western margin, predominantly carbonates crop out, along with the thin southern extension of the Mogok Metamorphic Belt (MMB). The majority of the MMB crops out in the northern upper headwaters of the present day Irrawaddy drainage basin and consists of low-to high-grade metamorphic rocks, metamorphosed and subsequently exhumed between~Eocene−Early Miocene (e.g. Bertrand et al., 2001; Barley et al., 2003; Wang et al., 2006; Searle et al., 2007; Lin et al., 2009; Mitchell et al., 2012; Xu et al., 2015) , and Cretaceous-Paleogene granites of the Dianxi-Burma batholiths (e.g. Xie et al., 2016b and references therein; Zhao et al., 2016a Zhao et al., ,b, 2017 . Slightly further north lie the similarly aged Bomi-Chayu batholiths (Booth et al., 2004; Liang et al., 2008; Chiu et al., 2009; Zhu et al., 2009) .
There are two schools of thought regarding the palaeodrainage of this river. Some previous researchers (Brookfield, 1998; Clark et al., 2004; Liang et al., 2008; Robinson et al., 2014) have proposed that the Yarlung Tsangpo, prior to its capture by the Brahmaputra, was connected to the Irrawaddy, and was responsible for sedimentation in the CMB either in the Miocene (Liang et al., 2008) or from Eocene to Miocene (e.g. Robinson et al., 2014) , after which time river capture of the Yarlung by the Brahmaputra occurred (Bracciali et al., 2015; Lang and Huntington, 2014 Zhang et al. (2017a) determined that there was no connection between the upper Yangtze and the Red River since Eocene times (see Section 3.1.1 for further discussion and note the contrast in interpretation with the data shown in Fig. 6 ). Data from the Cenozoic Hanoi Basin sedimentary rocks are also compared to fields from the Mekong and Salween to determine if these rivers may have previously fed into the palaeo-Red River. As discussed in Section 3.1.2, the highly radiogenic feldspars of the Mekong are only found in the downstream sample. These characteristic grains may therefore not be distinctive of the upper Mekong, and hence their absence in the palaeo-Red deposits cannot be taken as indicative of lack of a former connection. Data taken from Bodet and Schärer (2001) , Clift et al. (2008) and Zhang et al. (2017a Zhang et al. ( ). 2014b Zhang et al., 2017c) and that the Yarlung never flowed into the Irrawaddy drainage.
A locally-derived model for the CMB sediment provenance during the Middle to Late Eocene is proposed and/or interpreted on the following bases by the authors referenced below as follows: (1) west and west-southwest-directed palaeocurrents (Licht et al., 2013 (Licht et al., , 2018 Oo et al., 2015) , (2) a quickly evolving river system with local catchments, as interpreted from disorganized stratigraphic shifts between marine and onshore fluvio-deltaic sediments, and from the presence of basal pebble lags (e.g. Licht et al., 2013; Oo et al., 2015) , (3) the heterogeneity of Sr-Nd data which Licht et al. (2013 Licht et al. ( , 2014 consider to indicate local derivation from the eastern Burmese margin (WMA and MMB), rather than from a homogenized source delivered by a south--flowing trunk river before the uplift of the IBR, and (4) petrography and detrital zircon U-Pb ages which indicate overwhelming contribution from a volcanic arc (Oo et al., 2015; Licht et al., 2018) ; Licht et al. (2018) additionally record an increase in metamorphic detritus and zircons with old (Precambrian) U-Pb ages in the upper middle to upper Eocene rocks, although we note that there is variability in the record, with significant proportions of older grains also noted in some older middle Eocene samples ( Fig. 10 ; Wang et al., 2014b) . Licht et al. (2018) interpret this input as derived from the thin sliver of MMB to the east of the basin. Carrying out Hf isotopic characterization of the MesozoicPaleogene detrital zircons from these samples could allow this provenance interpretation to be verified, as explained further below (Fig. 11C) .
In addition to the evidence outlined above, zircon U-Pb ages and Hf isotopes as well as bulk rock Nd data of the Eocene strata in the IBR are similar to those of the CMB (Allen et al., 2008; Naing et al., 2014) . This suggests that, during much of the Eocene, the basin was open to the Indian Ocean and detrital materials were probably transported from the east to as far west as the Sunda Trench (Fig. 9) .
Moving up-section, Licht et al. (2014) showed that εNd values in the CMB display a gradual decrease to more negative values from Eocene to Pliocene, stabilizing by the Neogene. Combined with a petrographic trend from predominantly magmatic arc-derived to predominantly orogenic-derived signature, those authors proposed a stable north-south drainage sourced from the Sino-Burmese Highlands, since the Neogene. They did not, however, exclude the possibility of an ephemeral or diluted contribution from a palaeo−Yarlung River but considered it unlikely before the Miocene. Their recent work (Licht et al., 2018) refined this model: in tandem with the provenance change described above, they proposed that a facies and palaeocurrent change between the upper middle Eocene Yaw Formation and the upper Oligocene (< 29 Ma) Letkat Formation represented a transition from estuarine conditions in a partially barrier-bound basin as the nascent IBR began to emerge, to a southward-directed braided fluvial environment after complete emergence of the IBR. The intervening time period is represented by a depositional hiatus in the Chindwin Basin area of study and thus it is not possible to determine with certainty when south-directed fluvial conditions initiated. Licht et al. (2018) surmise that the onset of may have been early in the intervening period in view of southward-directed palaeocurrents recorded in lower Oligocene deltaic strata in the Minbu Basin to the south (Gough and Hall, 2017) (Fig. 9) .
By contrast, Robinson et al. (2014) interpreted a prominent change in ɛHf values of zircons from the CMB from Miocene times as evidence of a major palaeodrainage change. As discussed in more detail below, in the southern Lhasa terrane of the Tibetan Plateau, the Jurassic-Paleogene Gangdese arc (Fig. 9) , exposed along the length of the Yarlung Tsangpo drainage, is characterized by zircons aged 200-40 Ma ( Fig. 10C ) with positive zircon ɛHf values (Fig. 11 , Column) (e.g. Chu et al., 2006; Ji et al., 2009; Guo et al., 2013; Robinson et al., 2014 and references therein; Meng et al., 2016 Meng et al., , 2017 . By contrast, similar aged zircons from the granites in the easternmost Lhasa terrane (Bomi-Chayu batholiths) and in the MMB in western Yunnan and central Myanmar (Dianxi-Burma batholiths) (Fig. 10C) show predominately negative ɛHf values (Fig. 11, Column ) (e.g. Liang et al., 2008; Chiu et al., 2009; Robinson et al., 2014 and references therein; Chen et al., 2016; Gardiner et al., 2017 Gardiner et al., , 2018 . Both Liang et al. (2008) and Robinson et al. (2014) therefore used the similarity between detrital zircon ages and Hf signatures of the CMB and those of zircons from the Gangdese Transhimalaya of the Yarlung Tsangpo drainage, to propose that the Yarlung Tsangpo drainage sourced the CMB downstream prior to the Yarlung's capture by the Brahmaputra. However, Wang et al. (2014b) suggested that such zircons, with positive ɛHf values in the CMB might have been locally sourced, from the now buried WMA. Dating and isotopic characterization of these WMA granites ( Fig. 10C; Fig. 11 Column) (Zhang et al., 2017c; Gardiner et al., 2017 Gardiner et al., , 2018 showed that the locally-derived model of Wang et al. (2014a,b,c) is viable. Thus, long-distance input to the CMB is now no longer required to explain the CMB detrital data of Liang et al. (2008) and Robinson et al. (2014) . Yet in such a scenario, in which material is locally-derived, how can the major influx of Mesozoic-Paleogene zircons with negative ɛHf values, by middle Oligocene times, be interpreted in terms of the palaeodrainage history of the basin? And when did the locally-derived detritus as, for example, interpreted by Licht et al. (2013 Licht et al. ( , 2014 Licht et al. ( , 2018 become replaced by material from a major through-going river with its headwaters in the northern MMB, when the Irrawaddy was born? Below, we integrate these disparate datasets with our own new data, to provide a palaeodrainage model consistent with all new and published datasets, in order to conclude the likelihood as to whether the Yarlung ever flowed into the Irrawaddy. Cret./older -17 -16 -15 -14 -13 -12 -11 -10 -9 εNd ( (Fig. 1A ) which has more negative εNd values (Clift et al., 2006a) . Note that the depositional ages rely on unpublished oil company data. Grey vertical line shows the value of the modern Red River.
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Description and integration of provenance datasets from the CMB
Our summary of the data in this section integrates both previously published data and our new data combined, from the Cenozoic sedimentary rocks of the CMB, the stratigraphy of which is summarised in Table 1 . Previous work is differentiated from new work, and referenced, in the accompanying figures. Previous published analyses on surface outcrop samples from the CMB are restricted to zircon U-Pb with Hf, bulk rock Sm-Nd, and petrography (Liang et al., 2008; Licht et al., 2013 Licht et al., , 2014 Licht et al., , 2018 Wang et al., 2014b; Robinson et al., 2014; Oo et al., 2015) and the unpublished PhD data from Brezina (2014) which also includes mica Ar-Ar and zircon fission track analyses. For surface outcrop samples, we undertook new analyses where there were gaps in the time ranges analysed in published work, whilst for new analysis types (rutile U-Pb) we undertook analyses for the complete Cenozoic basin stratigraphy. Added to this, we have included our new data from the first subsurface core samples analysed from the CMB, made available to us by China National Offshore Oil Corporation (CNOOC). Depositional ages for subsurface core samples utilise seismic sequences, with dating He et al. (2013), and Chen (2015) . All available samples from the basins are plotted on B, apart from those from Gourbet et al. (2017) since for those samples grain numbers/sample was < 50. Baoxiangsi Formation analyses undertaken on samples interpreted as deposited by local transverse rather than axial rivers, on the basis of lithofacies, are marked (Wissink et al., 2016) . Only an example representative sample from each basin below and above the provenance change is plotted in A. Part label B was made using IsoplotR (Vermeesch, 2018) .
based on correlation to surface exposures and biostratigraphy (Li et al., 2013; Zhang et al., 2017c U-Pb ages in zircon record the time of zircon growth in a magma, or less commonly, of new zircon growth during metamorphism. The hafnium isotope composition of the zircon can be used to evaluate the relative contributions from mafic and more evolved crustal sources to the magma within which the zircon grew.
All detrital samples are dominated by Mesozoic-Cenozoic grains ( Fig. 10A and B) . A~100-80 Ma population is prevalent in Paleocene−Eocene samples, becoming less prominent in Oligocene samples, and subordinate by Miocene times. This~100-80 Ma population is replaced in prevalence up-section by a~50-75 Ma population and a younger population to~20 Ma. Modern Irrawaddy River sands closely resemble the middle Miocene−Pliocene Irrawaddy Formation in terms of zircon U-Pb spectra, with a greater proportion of grains in the 100-150 Ma part of the spectrum, compared to older samples.
Hf analyses on Mesozoic-Cenozoic detrital zircons of both surface outcrop and subsurface samples show a major change between Eocene and Miocene samples: the Mesozoic-Cenozoic detrital zircons in the rocks of Eocene age and older are almost entirely of positive εHf values, whilst Miocene samples have a substantial additional population of grains with negative εHf values ( Fig. 11A and B) . The intervening Oligocene is a time of transition with the middle Oligocene surface outcrop samples and the upper Oligocene subsurface sample showing increasing proportions of grains with negative εHf values.
3.2.2.1b. Zircon fission track data and double dated ZFT and U-Pb with Hf characterization.
ZFT ages represent a closure temperature between 290 and 320°C for cooling rates between 1 and 10°C/Myr but the presence of radiation damage may lower these values by 50°C (Rahn et al., 2004) . For detrital studies, unless the detrital material has been buried to depths sufficient to heat the rock above the closure temperature, the age approximates to the time that the mineral cooled through this temperature in its original igneous or metamorphic host rock. Double dating with U-Pb can be undertaken to identify volcanic-sourced grains, since these rapidly cooled grains have the same U-Pb and ZFT age.
The Eocene and Oligocene samples have a late Early Cretaceous ZFT population, and a mid Late Cretaceous population is present in some Neogene samples. Cenozoic populations dominate from Oligocene times onwards, with a Paleogene aged population in the Oligocene rock, and Neogene populations prevalent in Miocene samples. The dominant and youngest population of the middle Miocene-Pliocene sample is Paleogene. Results are displayed in Fig. 12 .
The U-Pb ages of the youngest ZFT population of the Oligocene sample (30 Ma ZFT population), are in the range of 50-60 Ma and most grains have positive εHf values (Fig. 13) . For two Miocene samples, youngest ZFT populations of Neogene age (18-20 Ma) have corresponding U-Pb ages ca. 20-55 Ma and εHf values are overwhelmingly negative. In the third Miocene sample the 18 Ma ZFT population has a somewhat older range of U-Pb ages from ca. 45-65 Ma, with mixed positive and negative εHf values (Fig. 13) . These values and U-Pb ages are similar in the Paleogene ZFT population also documented in this sample.
3.2.2.1c. Rutile U-Pb ages.
Rutile is a common accessory mineral in low-to high-grade metamorphic rocks, and its closure temperature in the U-Pb system is in the range of 640-~490°C (e.g. Kooijman et al., 2010) . Rutile U-Pb dating therefore can be used to constrain the thermal evolution of metamorphic terranes.
Detrital rutiles (Fig. 14) from Paleocene−Eocene samples show main populations between~400 and 600 Ma and at~100 Ma, the latter being a peak which is not recorded again after the Eocene. A modest number of grains between 40 and 80 Ma are recorded in the middle Oligocene surface outcrop sample, with the~40 Ma peak dominating by the time of deposition of the subsurface upper Oligocene sample. This~40 Ma population, and subsequently in the Neogene samples a~20 Ma age peak, then dominate to the top of the succession.
3.2.2.1d. Ar-Ar mica dating.
White micas occur in both igneous and metamorphic rocks. The closure temperature for white mica for the Ar-(caption on next page) P. Zhang, et al. Earth-Science Reviews 192 (2019) Sr ratios and lower εNd values, typical of a greater input from a crustal component, and similar to values from the MMB and the modern Irrawaddy (Fig. 16 ). Our new data resemble those of published samples from the CMB (Licht et al., 2013 (Licht et al., , 2014 , which demonstrate a significant change between the Eocene and Miocene.
3.2.2.1f. Petrography. Similar to the study of Licht et al. (2014 Licht et al. ( , 2018 we record a trend from Eocene through Mio-Pliocene of increased feldspar and quartz at the expense of lithics in the QFL plot (Fig. 17) , traditionally considered to be a change from "Arc" to "Recycled Orogen" provenance of Dickinson (1985) , and a trend in the composition of lithics from predominantly volcanic, to metasedimentary and metamorphic. We note that the subsurface core samples (collected from well AZY-1, Shwebo backarc subbasin; Fig. 9 ) have less volcanic and more metasedimentary and metamorphic lithics and/or show higher metamorphic grade of lithic grains, compared to coeval surface outcrop samples, throughout the succession. This we attribute to the more northward location of the subsurface core samples, closer to the metamorphic source. Such a spatial variation in metamorphic grade of eroded detritus is mirrored in the present day setting, where the upstream Irrawaddy is much richer in metamorphic detritus compared to downstream reaches (Garzanti et al., 2016) (Fig. 17) .
Towards a palaeodrainage model for the CMB and wider region. This section documents the birth and evolution of the Irrawaddy River and its relationship to the Yarlung Tsangpo.
A strong change in petrographic and isotopic signature is observed between Eocene and Miocene sedimentary rocks in the CMB. Paleocene and Eocene rocks have a petrographic signature of arc-affinity (Licht et al., 2013 (Licht et al., , 2014 (Licht et al., , 2018 ; this study) (Fig. 17) , Mesozoic and Paleogene zircons with near-exclusively positive εHf values (Robinson et al., 2014; Wang et al., 2014b ; this study) (Fig. 11) , late Proterozoic-Cambrian and Cretaceous rutiles (this study) (Fig. 14) , relatively juvenile Sr-Nd bulk signatures (Licht et al., 2013 (Licht et al., , 2014 ; this study) (Fig. 16 ) and exclusively Cretaceous zircon fission track ages (Brezina, 2014) (Fig. 12) . By contrast, Miocene and younger rocks have a petrographic signature of recycled-orogen affinity, Mesozoic-Cenozoic zircons have shifted from being entirely of positive εHf signature as they were in the Eocene rocks, to having a substantial proportion of grains showing negative εHf values, rutiles have shifted from being entirely pre-Cenozoic aged as they were in the Eocene rocks, to having a dominant Cenozoic population, ZFT ages show dominant Neogene populations, and the Miocene rocks have a more evolved, crustal, Sr-Nd bulk signature (references and new work as per Eocene rocks, described above).
The Oligocene was a time of transition, with characteristics between those of the Eocene and Miocene rocks. Petrographic and bulk rock Sr-Nd characteristics are intermediate between the values of the Eocene and Miocene formations. Zircons from Oligocene samples have a Mesozoic-Cenozoic population with negative εHf values, the population becoming more significant through time, from the middle Oligocene surface outcrop sample to the upper Oligocene subsurface core sample. This trend is mirrored in the rutile data, where the Cenozoic rutile population distinctive of the Neogene samples is significant in the upper Oligocene subsurface core sample, and weakly represented, by a few grains, in the middle Oligocene surface outcrop sample. ZFT data from the Oligocene surface outcrop sample (no subsurface core data available) show a dominant Paleogene peak, unlike the Cretaceous dominance in the Eocene sample below and the Neogene dominant peak in the Miocene samples above. Mica Ar-Ar data from surface outcrop samples (no subsurface core data available) show a significant difference between the middle Oligocene rocks (peaks around 65 Ma and a diffuse population around 120-200 Ma) and the lower Miocene and younger rocks (peaks around 35 Ma) .
Thus, in summary, there appears to be a significant provenance shift between Eocene and Miocene times, with first influx from this new provenance source observed in the middle Oligocene rocks. Since we have no samples from the Late Eocene or Early Oligocene, we conclude that the shift occurred sometime within this time interval, consistent with the data from Licht et al. (2018) as summarised in Section 3.2.2.
We discuss this change below. As summarised in Section 3.2.2, a key question regarding the palaeodrainage of the Irrawaddy River is whether the palaeo-Irrawaddy drainage basin (CMB) previously contained the palaeo-Yarlung River, prior to its capture by the Brahmaputra. If it did not, then when did the palaeo-Irrawaddy River begin? Whilst Robinson et al. (2014) proposed that zircons of Mesozoic-Paleogene age with positive εHf values indicated derivation of detritus from the Gangdese arc of the Yarlung Tsangpo suture zone drainage (Fig. 11C) , Wang et al. (2014b) argued that derivation of such detritus could have been from the proximal Fig. 8 . Zircon U-Pb ages (as probability density plots; panel A) and versus Hf isotopic compositions (panel B) comparing the upper Miocene interpreted palaeo-Red River deposits (RR47A-2) and modern Red River data (Hoang et al., 2009; Wang et al., 2019) with data from the Yarlung drainage, including modern Yarlung trunk river (Cina et al., 2009; Zhang et al., 2012) and bedrock of the Gangdese arc from the Yarlung catchment (Chu et al., 2006; Wen et al., 2008; Ji et al., 2009; Zhu et al., 2011; Guo et al., 2013; Meng et al., 2016 Meng et al., , 2017 , as well as the Bomi-Chayu (Liang et al., 2008; Chiu et al., 2009; Zhu et al., 2009 ) and Dianxi-Burma (Xie et al., 2016b and references therein; Zhao et al., 2016a Zhao et al., , 2016b Zhao et al., , 2017 batholiths of the Irrawaddy headwaters through which the palaeo-Yarlung may have flowed if it had once drained into the palaeo-Red River. Detrital data from the uppermost Irrawaddy headwaters are also included (from Garzanti et al., 2016) . No similarity is seen between the upper Miocene palaeo-Red River rocks and the rocks that comprise or contribute to the Yarlung palaeodrainage, particularly with respect to the characteristic 50 Ma peak of the Yarlung and Irrawaddy headwater catchments being absent in the palaeo-Red and modern Red River deposits.
WMA (Fig. 11C) , although at that time such an interpretation was speculative since the Hf isotopic signature of zircons from this magmatic arc was unknown. Subsequent analysis on igneous bedrock samples from the WMA by Zhang et al. (2017c) and Gardiner et al. (2017) showed that the Mesozoic-Cenozoic zircons from the WMA were characterized by positive εHf values (Fig. 11C) , indicating that Wang's proposition was viable. But in this case, how can the major change in εHf values of the Mesozoic-Paleogene zircons during the Late Eocene to Early Oligocene interval (Wang et al., 2014b; Robinson et al., 2014 ; this study), be explained? We provide a palaeodrainage model consistent with these data, below.
The detrital data for the Paleocene and Eocene CMB samples closely Column A: surface outcrop samples (caption on next page) P. Zhang, et al. Earth-Science Reviews 192 (2019) 601-630 match the signature of the WMA in zircon U-Pb and Hf characteristics, as well as bulk rock Sr-Nd signature (the latter particularly for subsurface core samples), and therefore, as previously proposed by Wang et al. (2014b) , no input from the Yarlung Tsangpo catchment is required to explain the provenance of these CMB sedimentary rocks. Furthermore, Mesozoic detrital zircons with positive εHf values have also been recorded in sedimentary rocks of the upper Cretaceous Kabaw Formation (Wang et al., 2014b) . The age of these rocks indicates that they were deposited before India-Asia collision and by inference before initiation of the Yarlung Tsangpo along the India-Asia suture zone; occurrence of zircons of such signature found in Cretaceous rocks of the CMB therefore cannot have been delivered by a palaeo-Yarlung, thus supporting the proposal of the presence of a source local to the CMB. This conclusion is supported by the observations of Licht et al. (2013) who noted that mid-Eocene aged samples have a relatively heterogeneous Sr-Nd isotopic signature, which they considered indicated that these rocks were sourced by short-stem rivers of heterogeneous catchment rather than by a trunk river. A local rather than long--distance provenance for the Paleocene-Eocene period is also consistent with petrographic data documenting arc-affinity (Licht et al., 2013 (Licht et al., , 2014 (Licht et al., , 2018 (Fig. 17) and with the interpretation of Licht et al. (2018) as summarised in Section 3.2.2. In this locally-sourced scenario, the older rutile populations (400-600 Ma) (Fig. 14) are presumably derived from Burmese basement, a proposal that is supported both by those more negative εNd analyses which indicate a contribution from crustal sources, and by the presence of a metamorphic and sedimentary contribution as determined from petrography. As regards the younger rutile population (~100 Ma), Searle et al. (2017) consider that this time period was one of quiescence in both the Himalaya-Tibet region and in Myanmar, where the MMB records no evidence of metamorphism of this age. Thus a local source is likely for the rutiles, perhaps related to metamorphism which might be associated with collision of the Mawgyi arc (Figs. 1A and 9 ) to the Burmese margin debatably around that time (Morley, 2012) , or associated with subduction and WMA pluton intrusion (Mitchell et al., 2012; Zhang et al., 2017c) . In summary, all Eocene data are consistent with a WMA source. The double dated ZFT and U-Pb with Hf data from the Oligocene CMB surface outcrop samples show that the 30 Ma ZFT population is WMAderived in view of its overwhelmingly positive εHf signature (Fig. 13) . Thus we show that the WMA experienced a period of exhumation around 30 Ma. This period of exhumation is in agreement with the work of Li et al. (2013) and Zhang et al. (2017c) and may explain the lack of lower Oligocene sedimentary rocks preserved in parts of the CMB, reported by some authors, e.g. Bertrand and Rangin (2003) , Zhang et al. (2017c) , and Licht et al. (2018) (Table 1) .
The middle Oligocene Padaung Formation records the first evidence of a new source contribution to the basin, which becomes more prominent into the upper Oligocene and Neogene samples. The new source is characterized by Jurassic-Cenozoic zircons with negative εHf values, Cenozoic rutiles and micas, and Sr-Nd values with a stronger crustal signature. Potential source regions hosting zircons with such signatures near the CMB are the Bomi-Chayu batholiths and Dianxi-Burma MMB batholiths of the Irrawaddy headwater drainage north of the CMB, as well as granites found in the thin southern sliver of MMB located adjacent to the Sagaing fault east of the CMB (Figs. 9 and 11C ). In the MMB, there are widespread and exposed low-to high-grade metamorphic rocks which were metamorphosed and subsequently exhumed in Eocene-Oligocene times (Bertrand et al., 2001; Barley et al., 2003; Wang et al., 2006; Mitchell et al., 2012; Searle et al., 2007 Searle et al., , 2017 Xu et al., 2015) . The age of these metamorphic events is consistent with rutile and mica Cenozoic ages from the CMB samples (Figs. 14 and 15) and also with the youngest ZFT population, which has negative εHf values (Figs. 12 and 13) , consistent with this MMB source. Furthermore, the increasing input from this source, and the decreasing age of the youngest rutile peak from Paleogene to Neogene aged, up-section, would be consistent with progressive exhumation of the source region. Bulk rock Sr-Nd data (Fig. 16 ) and petrographic data (Fig. 17) are also consistent with a MMB source. Thus, we propose that the MMB DianxiBurma and Bomi-Chayu granites were a significant new source region providing detritus to the CMB.
We consider that the region of the MMB contributing the detritus was likely the northern MMB (located in the current headwaters of the Irrawaddy drainage basin), rather than the southern sliver of MMB located east of the CMB since (1) the majority of the MMB outcrops in the north; (2) the U-Pb ages of zircons analysed in the southern MMB do not extend as young as those recorded in the northern MMB and in the CMB Miocene detrital samples (Fig. 11) although we acknowledge this may simply be the result of a data gap; and (3) the southern MMB outcrops are associated with significant carbonates of the Shan-Thai Plateau, yet no carbonate lithics are recorded in the Oligo-Miocene petrography (Fig. 17) , although the possible effects of dissolution must also be considered. Thus we consider that the northern MMB started to deliver detritus to the CMB through establishment of a palaeo-Irrawaddy trunk river by middle Oligocene times. Fig. 10 . U-Pb data of detrital zircons, from surface outcrop (A) and subsurface core (B) samples of the Central Myanmar Basin plotted as relative probability and frequency plots. Insets display detailed U-Pb age spectra in the range of 0-200 Ma (N-numbers of zircon < 200 Ma). All youngest population ages quoted here are derived using the weighted average 206 Pb/ 238 U age for the youngest group of at least two grains (n) overlapping within error at the 1 -sigma level; (YC1σ(2+); Dickinson and Gehrels (2009) ). The subsurface data (Column B) are our own new analyses. In the surface outcrop samples (A) data are from our own samples (MM3-10, MM3-13, MY16-64A, MY16-56A) and published sources as follows: (1) Bodet and Schärer (2000) , and Garzanti et al. (2016) . Note that the Padaung Formation samples of Robinson et al. (2014) have been reassigned an age from previously Late Oligocene, to middle Oligocene, based on our dating of a tuff (27.0 ± 1.0 Ma from zircon U-Pb data; see Fig. TSM1C in Supplementary material 4) located in close proximity to these sample locations. Column C provides data on potential source regions, discussed in Section 3.2.2. Data from the Western Myanmar Arc are from Zhang et al. (2017c) and references therein, and Gardiner et al. (2017) ; data from the Yarlung Tsangpo trunk river are from Cina et al. (2009) and Zhang et al. (2012) ; data from the Gangdese arc bedrock of the Yarlung Tsangpo catchment are from Chu et al. (2006) , Wen et al. (2008) , Ji et al. (2009 ), Zhu et al. (2011 , Guo et al. (2013) , Wang et al. (2015a,b) , and Meng et al. (2016 Meng et al. ( , 2017 ; data from the Dianxi-Burma and Bomi-Chayu batholiths which are exposed in the catchment of the modern Irrawaddy's headwaters are from Xie et al. (2016a,b) and references therein, Zhao et al., 2016a , Zhao et al., 2017 ; Chiu et al. (2009) and references therein; and detrital data from the uppermost Irrawaddy headwaters are from Garzanti et al. (2016) .
Whilst it is not possible to pinpoint the first arrival of this MMBderived detritus to the basin more tightly, due to our data gap covering the Late Eocene and Early Oligocene, we note that Licht et al. (2018) consider initiation would have been closer to the start of our data gap, based on southerly-directed palaeocurrents recorded in the lower Oligocene deltaic strata of the Minbu sub-basin to the south (Gough and Hall, 2017) . We concur with Licht et al. (2018) that initiation may have occurred closer to the start of the data gap, if the south-directed palaeocurrents are interpreted as representing through drainage from headwaters in Northern Myanmar, rather than from local drainage with headwaters in the palaeo-high which separated the Minbu and Chindwin basins into separate pull-apart basins by this time (Licht et al., 2018) . Provenance data similar to that which is described above, is critical for the Minbu basin.
From Late Oligocene times onwards, the MMB was a dominant influx to the basin, as evidenced by, for example, the rutile data. By the Miocene, the last major shifts in provenance as, for example, illustrated by the change in mica Ar-Ar age spectra, and the combined ZFT with UPb with Hf data, between Oligocene and Miocene samples, had occurred. From Neogene times onwards a stable provenance, broadly similar to present day, is recorded.
We suggest that the establishment of the palaeo-Irrawaddy as a through-going river was likely driven by gradual headward erosion of its northern tributaries as the MMB exhumed to the north. We tentatively suggest that the progressive nature of this northward cutback may be evidenced by the greater proportion of zircons in the range 100-150 Ma in the upper Miocene to modern day samples; such zircons are more characteristic of the Bomi-Chayu batholiths in the far northern Zhang, et al. Earth-Science Reviews 192 (2019) Column C: Source region data (caption on next page) P. Zhang, et al. Earth-Science Reviews 192 (2019) 601-630 region compared to the Dianxi-Burma batholiths located more southward in the MMB Highlands (Figs. 9 and 11C ). With this palaeodrainage reconstruction, it is hard to envision a time when the palaeo-Yarlung might have flowed into the Irrawaddy drainage. From the CMB data, we deduce that drainage of the palaeoYarlung into the Irrawaddy could only have been viable between Late Eocene to Early Miocene times: Early Eocene zircons with negative εHf values, characteristic of the region through which the palaeo-Yarlung would have flowed if it had once drained into the Irrawaddy (Fig. 11C) are not observed in the Middle Eocene CMB record, precluding any drainage from a palaeo-Yarlung into the CMB during the Mid Eocene; and by (at least) 18 Ma, Yarlung detritus is already found in the Bengal Fan and Bengal Basin and capture of the Yarlung by the Brahmaputra had occurred (Bracciali et al., 2015; Blum et al., 2018) , as described in Section 3.2.3, below. Yet between the Late Eocene and Early Miocene, petrography and Sr -Nd data from Licht et al. (2013 Licht et al. ( , 2014 show a U zircon ages (Ma) for detrital zircons from sedimentary rocks in the Central Myanmar Basin. Data plotted in Column A (left column) are our new analysed surface outcrop sample (MY16 -56A, with published outcrop data (Bodet and Schärer, 2000; Liang et al., 2008; Wang et al., 2014b; Robinson et al., 2014) . Data plotted in Column B (right column) are our new subsurface core sample data. Data shown in Plot C are time-corrected εHf values versus 206 Pb/ 238 U zircon ages (Ma) for igneous zircons from batholiths within the Gangdese arc of the Yarlung catchment, the Bomi-Chayu batholiths and northern Mogok Metamorphic Belt (Dianxi-Burma batholiths) of the Irrawaddy headwaters, the southern sliver of Mogok Metamorphic Belt (Southern MMB; see Fig. 1 location) and Western Myanmar Arc; data are modified after Robinson et al. (2014) and references therein, Chen et al., 2016 , Zhang et al. (2017c .
Table 1
Summarised stratigraphy of the Central Myanmar Basin. The left panel summarises the formation names, facies, and lithologies as traditionally depicted using lithostratigraphy (after Bender, 1983; Pivnik et al., 1998; Licht et al., 2013) , corroborated and/or updated with recent data as discussed in text. No published facies for backarc. The right hand panel shows the more recent seismic stratigraphy (after Li et al., 2013; Zhang et al., 2017c) . SQs = Seismic Sequences, Tx = reflector boundaries. Zhang, et al. Earth-Science Reviews 192 (2019) 601-630 gradual temporal trend to stabilization, not easily reconcilable with the arrival and subsequent disappearance of a major river (Fig. 16) . Furthermore, we note the absence of a zircon population of~190-220 Ma with negative εHf values in the sedimentary rocks of the CMB (Figs. 10 and 11). Such grains are typical of the Northern/Central Lhasa magmatic belts and are found in the Paleogene and early Neogene sedimentary rocks of the Yarlung Tsangpo suture zone (Wang et al., 2010; Hu et al., 2012; Leary et al., 2016a) . Such zircons might also be expected in co-eval sedimentary rocks of the CMB if they were the deposits of a palaeo-Yarlung, although the effects of dilution should also be considered. In summary, we propose that the palaeo-Yarlung never drained into the palaeo-Irrawaddy. The palaeo-Irrawaddy, with its headwaters in the MMB of northern Myanmar, initiated sometime between the Late Eocene and Early Oligocene, and was established as a major through-going river in the CMB with stable provenance similar to present day by the Early Miocene.
Lithostratigraphy
When the Yarlung Tsangpo first drained into the Bengal Basin and Bay of Bengal
Prior to the routing of the palaeo-Yarlung into the Brahmaputra drainage, the palaeo-Brahmaputra drained only the southern Himalayan slopes, with a small input of material from the Indo-Burman Ranges to the east. The southern slopes of the Himalaya are comprised of Indian plate material, and zircons are overwhelmingly of PalaeozoicPrecambrian age (e.g. Cina et al., 2009 ). Thus, leaving aside a minority of Mesozoic grains that are transported to the Bengal Basin from the Paleogene Indo-Burman Ranges (e.g. Allen et al., 2008; Naing et al., 2014) , the first major influx of Mesozoic zircons reflects input from the Transhimalayan Gangdese batholiths of the Yarlung Tsangpo suture zone (Fig. 10C) , along which the Yarlung river flows (Fig. 9) .
In the easternmost part of the Himalayan foreland basin, through which the Brahmaputra river flows, Transhimalayan detritus has been recorded from the base of the studied sedimentary succession of the Siwalik Group (Lang and Huntington, 2014) , dated at~8 Ma (Lang et al., 2016) , thus providing a minimum age to the time when the Yarlung flowed into the Bengal Basin. In the Bengal remnant ocean basin, where the sediment record extends older, Transhimalayan material has been documented from Early Miocene times (Fig. 18 ) (Bracciali et al., 2015) . In the Bengal Fan, Transhimalayan zircons have been found from the base of the fan, dated at 18 Ma at that location (Blum et al., 2018) . Thus we can be confident that the Yarlung Tsangpo routed to the Bengal Basin by Early Miocene times.
Further consideration of the zircon data allows the details of the routing to be established, specifically with respect to the route that the Yarlung took to join with the Brahmaputra. Whilst today the Yarlung flows through the Siang across the rapidly exhuming Eastern Himalayan Namche Barwa syntaxis, previous routings through the Parlung and Lohit have been proposed (Figs. 3 and 19) . Govin et al. (2018) , studied a Siwalik sedimentary succession in the easternmost Himalayan foreland, combining it with the work of Lang and Huntington (2014) downstream, in order to interpret the palaeodrainage reproduced in Fig. 19 . These authors noted that they cannot determine when the Siang connection commenced due to lack of an appropriately old sedimentary record (Fig. 19A) . They note that by the Late Miocene, short lag times indicative of derivation from the syntaxis, recorded by Lang and Huntington (2014) , indicate that the Yarlung was routing via the Siang (Fig. 19B) . Early Cretaceous grains are more (2014), and our new data (MY16-64A and MY16-56A). The plots were made using RadialPlotter (Vermeesch (2009) 
P. Zhang, et al. Earth-Science Reviews 192 (2019) 601-630 typical of the Bomi-Chayu batholiths than the Gangdese Transhimalaya (Figs. 9, 10C and 20, basal panel) . Lang and Huntington (2014) suggested that the time of increase of such a population could date the timing of reversal of the Parlung River that drains the Bomi-Chayu region. Govin et al. (2018) recorded a major increase in the Early Cretaceous population between the top of their studied section at ca. 800 ka, and the modern Siang River (Fig. 20) . They therefore proposed that the proposed Parlung-Siang drainage reversal occurred after 800 ka.
The palaeodrainage of the Yarlung Tsangpo
In Section 3.2.3, we summarised the evidence that the Yarlung Tsangpo did not flow into the Bay of Bengal prior to Miocene times (Bracciali et al., 2015) . We have made the argument, above (Section 3.2.2), that the Yarlung Tsangpo did not flow into the Irrawaddy. Therefore, what was the drainage route of the Yarlung Tsangpo during the Paleogene, prior to its routing into the Bay of Bengal?
Due to the lack of Paleogene deposits preserved in the Yarlung suture zone, it is difficult to speculate on the Paleogene palaeodrainage of the basin. Unlike some previous workers (see Sections 3.1 and 3.2.1), we do not believe that there is strong evidence to refute the hypothesis of Clark et al. (2004) that the Yarlung Tsangpo once drained into the palaeo-Red River, potentially via a connected palaeo-Mekong / Salween. Available data provide no evidence, but such data are very limited. Likewise, the likelihood that the Yarlung Tsangpo previously connected to the palaeo-Mekong and/or palaeo-Salween Rivers unconnected to a palaeo-Red River is difficult to assess due to lack of data. One potential palaeo-Mekong repository has been identified in the Jinggu Basin (Wissink et al., 2016) . Here, Cenozoic sedimentary rocks with poor age constraint but believed to stretch from Eocene to Miocene, show no evidence of detrital zircons, which is distinctive of the modern Yarlung Tsangpo (Fig. 10C) . Clark et al. (2004) , speculate that the upper Salween may have been a tributary to the upper Mekong, and in such a scenario, the data from the Jinggu Basin would therefore rule out a Yarlung-Mekong/Salween connection.
An alternative palaeodrainage scenario (Fig. 21) , that we favour in view of (1) the published geology of the Yarlung Tsangpo suture zone, and (2) the lack of evidence that the Yarlung ever flowed into the palaeo-Red/Mekong/Salween, is that during the Paleogene the Indus-Yarlung Suture Zone, which is today the upland drainage of the Yarlung Tsangpo, was an internally drained basin between the Himalayas and the Gangdese arc ( Fig. 21A and B) . Such an internal basin model has already, debatably (Clift et al., 2001; Najman, 2006; Wu et al., 2007) been proposed for the palaeo-Indus River in the equivalent suture zone in the western Himalayas (Sinclair and Jaffey, 2001; Henderson et al., 2010) ; Sinclair and Jaffey (2001) and Henderson et al. (2010) proposed initial development of an axial Indus River not until post-Late Oligocene-earliest Miocene (< 24 Ma). For the upper Oligocene-Miocene conglomerates that extend along the Yarlung Tsangpo suture zone in the east, most workers (e.g. Carrapa et al., 2014 , DeCelles et al., 2011 , Leary et al., 2016a Li et al., 2017) interpret an internally drained basin for the early deposits, debatably passing up into axial eastward-draining fluvial facies up-section (Fig. 21C) ; the outlier is Wang et al. (2013) who propose that the early drainage initially flowed west, but their palaeocurrent data is incorporated into an overall eastward-draining axial river model by Leary et al. (2016b) , who also caution on the use of palaeocurrent indicators in that highly deformed location. Such a through-going axial river was Fig. 13 . Zircons, double dated with fission track and U-Pb techniques. Hf analyses were also carried out on these grains. We only discriminate between positive (red symbols) and negative (green symbols) values here, since this is the point of interest in this study. Absolute values can be found in Table TSM3 in Supplementary material 4. Data are from the unpublished thesis of Brezina (2014) .
proposed to be established in the Miocene as a response to development of the Himalayan Great Counter Thrust Li et al., 2017) , and/or to uplift and exhumation of the India-Asia suture zone after Indian slab break-off (DeCelles et al., 2011; Carrapa et al., 2014; Leary et al., 2016a,b) . The first arrival of palaeo-Yarlung-derived sediments documented in the eastern Himalayan foreland in the Early Miocene (e.g. Bracciali et al., 2015) , is broadly compatible with the onset of eastward-flowing through-drainage of the palaeo-Yarlung River since the Early-Middle Miocene.
Synthesis of the current "state of the art", and looking ahead
Use of a proposed major drainage reorganisation within the region encompassing the catchments of the major East Asian Rivers, to constrain the tectonics of the eastern Tibet margin (Clark et al., 2004) , is an attractive approach. Nevertheless, alternatives exist to explain the unusual drainage configuration which focus more on horizontal shear rather than uplift and drainage captures as a mechanism to explain the geomorphology (e.g. Hallet and Molnar, 2001) ; furthermore, there is some debate as to whether it is a necessity that the high-elevation lowrelief landscape formed prior to uplift (e.g. Yang et al., 2015; Cao et al., 2018) .
Testing the drainage capture model, by proving the existence of the proposed river captures using sedimentary provenance studies, is an approach advocated by Clark et al. (2004) . The above paper is a summary of the "state of the art" in this respect.
Provenance studies in the region of study are hampered by the paucity of well-dated sedimentary records of the palaeo-Red River. Offshore records are typically complex to interpret due to the potential of mixed source region input. The onshore records are fragmentary (e.g. Hoang et al., 2009) , poorly dated, and particularly lacking for the allimportant Paleogene time period. The Hanoi Basin, with its near complete Cenozoic sedimentary record, seems to be the perfect palaeoRed River repository for further work, and the one study that has managed to access subsurface outcrop samples from this region shows a change at the end of Eocene which would be consistent with a river capture of middle Yangtze away from a previously-larger palaeo-Red River (Clift et al., 2006a ). Yet further access to similar samples has so far, unfortunately, not been possible and is an avenue that would be P. Zhang, et al. Earth-Science Reviews 192 (2019) Bracciali et al. (2015) . P. Zhang, et al. Earth-Science Reviews 192 (2019) (caption on next page) P. Zhang, et al. Earth-Science Reviews 192 (2019) 601-630 very fruitful to explore, should access to more samples and detailed information on depositional age data be granted. Keeping in mind the above limitations, there seems little non-contradictory sedimentary provenance evidence to support a palaeo-Red River of continental dimensions, from research undertaken so far: -Some studies, particularly, but not only, using the detrital zircon UPb technique, have proposed palaeo-connections between the upper Yangtze/Salween/Mekong and the palaeo-Red River. However, seen in the broader context, the evidence does not seem strong (e.g. Wissink et al., 2016) . We conclude that the limited data from the Hanoi Basin, showing a provenance change which may be related to middle Yangtze river flow reversal at the end of the Eocene (Clift et al., 2006a) , is the strongest line of evidence to date. -Likewise, the Yarlung-Irrawaddy-Red River branch of the system shows little evidence of a prior connection. It is now well-established that in the early Miocene the Yarlung started to flow into the Bay of Bengal (Bracciali et al., 2015) . In this paper we integrate our new data with previous data to construct a palaeodrainage model, consistent with all available data, in which the Yarlung did not flow into the Irrawaddy prior to the start of its drainage into the Bay of Bengal. Instead we propose that (1) the Yarlung suture zone along which the river flows was an internally-drained basin in the Paleogene and (2) the Central Myanmar Basin along which the Irrawaddy River flows today consisted of locally-derived sediments in the Eocene, with a through-flowing Irrawaddy river draining from the Mogok Metamorphic Belt to the north, initiated some time in the Late Eocene to Early Oligocene, establishing itself as a river of stable provenance, similar to present day, by the start of the Miocene. Currently there is no evidence that the palaeo-Yarlung flowed into the palaeo-Red, but this comment relies only on comparisons with a very limited dataset from the palaeo-Red River sediment repositories, as discussed above.
In summary, we consider there is currently insufficient sedimentary evidence to be confident of the hypothesis that a palaeo-Red River of continental proportions previously existed. With some exceptions (e.g. Kong et al., 2012) , a number of researchers consider that if a palaeoRed River of continental proportions ever existed at all, it must have fragmented early in the Cenozoic. This would be consistent with the growing body of evidence that suggests that parts of eastern Tibet were uplifted by Paleocene-Eocene times (Hoke et al., 2014; Li et al., 2015) . Nevertheless, if river reorganisations occurred post-uplift (Yang et al., 2015) later captures would be equally plausible. Furthermore, if drainage reorganisation did occur, and took place early in the Cenozoic, prior to or synchronous with uplift, what is the relationship between these events and regional river incision, which is documented, predominantly (e.g. Clark et al., 2005; Ouimet et al., 2010; Tian et al., 2015) , as occurring in Miocene times? These questions, and the mechanisms responsible for these events, remain debated (e.g. Liu-Zeng et al., 2018) . Fig. 20 . Detrital zircon U-Pb data from the Siwalik sedimentary record in the easternmost region of the Himalayan foreland basin. The increase in BomiChayu-derived Early Cretaceous grains between the uppermost Siwalik sample and the modern day Siang indicates that the Parlung River drainage reversal into the Siang occurred after ca. 800 ka. Modified from Govin et al. (2018) . Supplementary data to this article can be found online at https:// doi.org/10.1016/j.earscirev.2019.02.003.
